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SUMMARY. Chickens were intranasally inoculated with the swine influenza virus (SIV) A/swine/NC/307408/04 (H3N2)
(NC/04 SIV) to determine the infectivity of a North American SIV for chickens, as well as the possibility of chicken meat serving as
a transmission vehicle for SIV. White leghorn (WL) layer-type chickens were used for initial pathotyping and infectivity tests, and a
more comprehensive intranasal pathogenesis study was done with white Plymouth rock (WPR) broiler-type chickens. None of the
NC/04 SIV-inoculated WL or WPR chickens displayed clinical signs. Serologic tests showed that the virus was able to infect both
intranasally inoculated WL and WPR chickens, but the antibody titers were low, suggesting inefficient replication. Some of the
NC/04 SIV-inoculated WL chickens shed low levels of virus, mostly from the alimentary tract, but viral shedding was not detected
in NC/04 SIV-inoculated WPR chickens. The comprehensive pathogenesis study demonstrated that the virus did not cause
systemic infections in WPR chickens, and feeding breast and thigh meat from the NC/04 SIV-inoculated WPR to WL chickens did
not transmit NC/04 SIV.

RESUMEN. Nota de Investigacion—Susceptibilidad limitada y carencia de infeccidn sistémica en pollos inoculados
intranasalmente con un virus H3N2 de influenza porcina.

Para determinar la infectividad en pollos de un virus Norteamericano de influenza porcina, asi como la posibilidad de que la
carne de pollo sirva como un vehiculo de transmision para el virus de influenza porcina, se inocularon pollos por via intranasal con
un virus H3N2 de influenza porcina designado A/cerdo/NC/307408/04 (por sus siglas en Inglés NC/04SIV). Para las pruebas
iniciales de patotipificacién e infectividad se utilizaron aves de la linea leghorn blanca y un estudio de patogenicidad mas completo
se realizd con aves de la linea de engorde (Plymouth rock). Ninguna de las aves leghorn blancas o Plymouth rock inoculadas con el
virus NC/04SIV mostraron signos clinicos. Las pruebas serolégicas demostraron que el virus fue capaz de infectar por via intranasal
a ambos tipos de aves, sin embargo, los titulos de anticuerpos fueron bajos sugiriendo una replicacion ineficiente. Algunas de las
aves leghorn blancas diseminaron bajos niveles del virus, predominantemente del tracto alimenticio. En las aves Plymouth rock
inoculadas con el virus NC/04SIV no se detecté diseminacion viral. El estudio completo de patogénesis demostrd que el virus no
causé infeccidn sistémica en pollos Plymouth rock y que alimentar carne de pechuga y muslos proveniente de aves leghorn blancas y
Plymouth rock inoculadas con el virus NC/04 SIV no transmitié el virus.
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Abbreviations: Al = avian influenza; AIV = avian influenza virus(es); BHI = brain-heart infusion medium; DPI = days
postinoculation; ECE = embryonating chicken egg; EIDso = 50% chicken embryo infective dose; GMT = geometric mean titer;
H = hemagglutinin; HI = hemagglutinin inhibition; HPAIV = high pathogenicity avian influenza virus(es); HPNAI = high
pathogenicity notifiable avian influenza; LPAI = low pathogenicity avian influenza; LPNAI = low pathogenicity notifiable avian
influenza; N = neuraminidase; OIE = World Organization for Animal Health; SIV = swine influenza virus; SPF = specific-
pathogen-free; WL = white leghorn; WPR = white Plymouth rock

Influenza A viruses cause natural infections in a variety of wild
aquatic birds, poultry, pigs, horses, and humans (20). All influenza A
viruses are categorized based on the major surface glycoproteins into
16 hemagglutinin (H1-16) and nine neuraminidase subtypes (N1—
9). Influenza A viruses show host adaptation that restricts
interspecies transmission, infectivity, and pathogenicity such that
transmission and infectivity are more common between different
bird species than between mammals and birds (18). However, H1
and H3 swine influenza viruses (SIV) are an exception, with frequent
transfer from pigs to breeder or meat turkeys when both species are
raised in geographic proximity. Such SIV infections have resulted in
significant respiratory disease and egg production drops in turkeys
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(3,17,23). Reports of SIV infection in chickens have been infrequent
and of unknown significance (16).

SIV causes acute respiratory disease in pigs. As with avian
influenza virus (AIV) infections in birds, the severity of SIV
infections in pigs depends on multiple factors, such as virus strain
and host susceptibility (5). SIV is controlled primarily by vaccinating
sows (24). Although vaccination greatly reduces viral replication and
shedding, it does not necessarily prevent infection. Thus, SIV can
circulate in a herd and infect pigs no longer protected by maternally
derived antibodies. Until 1998, nearly all North American isolates
were HIN1 with genetic and antigenic similarity to the “classical”
HINT SIV first isolated in 1930 (13). Triple reassortant H3N2 SIV
with gene segments of human, swine, and avian origin emerged in
the U.S. swine population in 1998. Reassortment between new
H3N2 SIV and classical HIN1 SIV led to the emergence of HIN2
SIV the following year. All three SIV subtypes continue to circulate
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in the U.S. swine population, and new H3N1 isolates have recently
been described (7,8).

ALV are categorized into low pathogenicity (LP) and high
pathogenicity (HP) pathotypes based on virulence in chickens (20).
LPAIV replication is typically restricted to the respiratory and/or
digestive tract, and infections are usually mild in the absence of co-
infecting pathogens or other exacerbating conditions. In contrast,
HPAIV cause severe systemic disease with replication in multiple
visceral organs and production of high mortality. Infected poultry
products such as meat can serve as transmission vehicles for HPAIV
to poultry. For example, epidemiologists have concluded that
imported fresh turkey meat was the most likely source of the H5N1
HPAIV that caused the January 2007 outbreak on a turkey farm in
Suffolk, Great Britain (4). Because HPAIV are present in multiple
tissues, including skeletal muscle (10,19), the risk of spreading AIV
through trade of poultry products is higher for HPAIV than for
LPAIV (12,26). Therefore, knowledge of the pathogenesis of
influenza virus infections in commercial poultry is a critical
component of science-based risk assessment.

For trade and control purposes, certain avian influenza (AI)
infections in poultry are notifiable to the World Organization for
Animal Health (OIE). High pathogenicity notifiable influenza
(HPNAI) includes all HPAIV, whereas low pathogenicity notifiable
avian influenza (LPNAI) includes all H5 and H7 LPAI viruses. LPAI
of the H1-4, H6, and H8-16 subtypes and swine influenza are not
notifiable to the OIE. The OIE, which is responsible for
international sanitary standards under the World Trade Organiza-
tion, recommends that poultry products from HPNAl-affected
countries, zones, or compartments be processed to ensure destruc-
tion of Al virus before export (12). Other than isolation of low titers
of HIN2 LPAIV from chicken meat and bone marrow imported
into Japan from China (6,9), isolation of LPAIV from poultry
products has not been reported in the literature. However, LPAIV
from respiratory secretions or feces could be a source of carcass
contamination. In a previous study, one H7 LPNAI virus strain was
isolated from body cavity rinses of infected chickens both before and
after the carcasses were rinsed in water with 30 ppm chlorine and
chilled (19). However, virus was not detected in breast and thigh
meat from these same carcasses, suggesting that the virus was present
in the residual lung and air sac tissues in the body cavity.

The current study was done to assess the infectivity of a North
American SIV (A/swine/NC/307408/04 [H3N2]) for chickens and to
determine the relative risk of spreading SIV through trade in chicken meat.

MATERIALS AND METHODS

Virus strain and virologic methods. The SIV strain A/swine/NC/
307408/04 (H3N2) (NC/04 SIV) was passaged in 10-to-11-day-old
embryonating chicken eggs (ECEs). Amnioallantoic fluid was harvested
3 days after allantoic sac inoculation and used at 1:10 dilution
(intravenous pathogenicity test) or diluted to 10® mean 50% chicken
embryo infective dose (EIDs() in brain-heart infusion medium (BHI)
for infectivity and pathogenesis studies.

Oropharyngeal and cloacal swabs were collected and placed in 1.5 ml
of BHI containing the appropriate antibiotics (22). Swabs and tissue
samples were stored at —70 C until virus isolation and titration were
performed in ECEs according to standard protocols (22). Blood was
collected and separated into fractions as described previously (19). For
all samples, virus in ECE allantoic fluid was detected by the
hemagglutination assay, and the 50% endpoints for titrations were
calculated by the Reed and Muench method (25).

Chickens. Specific-pathogen-free (SPF) white leghorn (WL) layer-
type and white Plymouth rock (WPR) broiler-type chicken strains from
our in house flocks were maintained in negative pressure high-efficiency
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particulate air-filtered stainless steel isolation cabinets under constant
illumination within a biosafety level 2 enhanced facility. Food and water
were provided ad libitum.

Experimental design. Experiment 1. Pathogenicity and infectivity of
NC/04 SIV virus for chickens. Eight 4-week-old WL chickens were each
inoculated intravenously with a 1:10 dilution of allantoic fluid
containing NC/04 SIV (back titer, 10°* EIDsq) in 0.2 ml of BHI as
prescribed for regulatory pathogenicity testing (22). To determine
infectivity by a simulated natural route of exposure, eight 4-week-old
WL chickens were each inoculated intranasally with 10° EIDs, of NC/
04 SIV (back titer, 10°° EIDsp) in 0.1 ml of BHI. Oropharyngeal and
cloacal swab samples were taken from five of these chickens on 1, 3, and
5 days postinoculation (DPI). For both groups, morbidity and mortality
were recorded daily until the birds were euthanatized on 10 DPI with
intravenous pentobarbital (100 mg/kg body weight). Serum was
collected from each chicken for serologic testing preinoculation and
before euthanasia.

Experiment 2 Pathogenesis of intranasal NC/04 SIV virus infection
in broilers. Four-week-old WPR chickens were each inoculated with 10°
EIDso NC/04 SIV (back titer, 10! EIDsg) in 0.1 ml of BHI (z = 30)
or an equivalent volume of uninfected allantoic fluid (» = 10). Five
virus-inoculated WPR chickens were sampled on 1, 2, 3, 4, 7, and 10
DPI, and five sham-inoculated WPR chickens were sampled on 3 and
10 DPL. The following samples were taken from each WPR chicken for
virus isolation: blood (plasma, white blood cells, and red blood cells),
swabs (air sac, oropharyngeal, and cloacal), lung, trachea, skeletal muscle
(breast and thigh), and bone (from the pelvic girdle). In addition, an
average of 11.1 g of breast meat and 5.7 g of thigh meat for use in
Experiment 3 were harvested from each of the virus-inoculated and
sham-inoculated WPR chickens euthanized on 3 DPI, and the body
cavity of each of these WPR chickens was rinsed with 3 ml of BHI,
which was saved for virus isolation. Serum from each of the 40 WPR
chickens was collected for serologic testing preinoculation and from each
of 10 WPR chickens before euthanasia on 10 DPI (intravenous
pentobarbital, 100 mg/kg).

Experiment 3. Transmission by feeding meat from NC/04 SIV-inoculated
WPR chickens. From Experiment 2, meat harvested from the intranasal-
NC/04 SIV or sham-inoculated WPR chickens on 3 DPI was finely
chopped. After fasting for 12 hours, groups of 10 4-week-old WL
chickens were fed pooled breast and thigh meat from sham-inoculated
chickens (83.2 g total), pooled breast meat from NC/04 SIV-inoculated
chickens (57.2 g total), or pooled thigh meat from NC/04 SIV-
inoculated chickens (27.4 g total). When the chickens were next
observed (5 hr after feeding time), all of the meat had been consumed.
Serum was taken from each chicken on 14 days postfeeding for serologic
testing.

Serology. For all experiments, serum was tested for influenza A
antibodies by both the hemagglutinin inhibition (HI) assay using NC/
04 SIV as antigen and the agar-gel precipitin test (22). All of the
preinoculation serologic tests were negative for influenza A and H3 HI
antibodies.

RESULTS

In the current study, none of the WL chickens inoculated with
NC/04 SIV intravenously or intranasally developed clinical signs or
died (Table 1), indicating the virus was LP for chickens. Serologic
tests for H3 antibodies determined that all of the intranasally
inoculated WL chickens had been infected with NC/04 SIV.
However, the HI titers were very low, suggesting the virus replicated
inefficiently in WL chickens. This was substantiated by low peak
virus replication titers from oral and cloacal swabs (10" and 10'?
EIDsq, respectively) compared with oral and cloacal swabs from
WPR  chickens intranasally infected with two chicken-adapted
H7N2 LPAI viruses (10>° and 10%? EIDs, respectively) (19).
Furthermore, the pathogenesis of the infection by the SIV versus
LPAIV differed, with the SIV infection being primarily alimentary,
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Pathotyping of A/swine/NC/307408/04 (H3N2) in 4-week-old WL chickens.

Virus isolation from swabs (logjo EIDso/ml)*

1 DPI 3 DPI 5 DPI Serology
Infection route Morbidity Mortality Oral Cloacal Oral Cloacal Oral Cloacal AGP® HI (GMT)
Intravenous 0/8 0/8 NA® NA NA NA NA NA NA NA
Intranasal 0/8 0/8 0/5 2/5 (1.0) 1/5 (1.0) 3/5(1.2) 0/5 3/5 (1.1) 0/8 8/8 (12)

AVirus isolation performed on five intranasally infected chickens. The average titer of positive samples is shown in parentheses. The detection limit

of the assay is 0.9 log;o EIDso/ml.
5NA = not applicable.
“AGP = agar gel precipitation.

whereas the LPAIV infections were primarily respiratory. The low
levels of virus isolated from swab samples and the low HI titers
obtained for NC/04-SIV-infected chickens indicate that NC/04 SIV
did not replicate efficiently in the WL chickens.

Likewise, none of the sham-inoculated or NC/04 SIV-inoculated
WPR (broiler-type) chickens displayed clinical signs after intranasal
inoculation. At 10 DPI, 60% of the NC/04 SIV-inoculated WPR
chickens had H3 HI antibodies, but with low titers (geometric mean
titer [GMT] = 16) comparable with those seen in the WL chickens
in Experiment 1. However, virus was not isolated from any swab
samples, blood, tissue, breast or thigh meat, or body cavity rinses of
the sham or NC/04 SIV-inoculated WPR chickens. As expected
given the inability to isolate virus from these meat samples, none of
the WL chickens that were fed meat from NC/04 SIV-inoculated or
sham-inoculated WPR chickens displayed clinical signs during the
14-day observation period, nor seroconverted at the end of the study.

DISCUSSION

The emergence of triple reassortant SIV in North America in the
late 1990s (which contained genome segments from swine, avian,
and human influenza strains) (13) raises the question of whether
North American SIV strains can infect avian species, and whether
commercial poultry products could serve as transmission vehicles for
these viruses. Transmission of SIV to turkeys is not uncommon, and
infections of turkeys in the United States with H3N2 (3,23) or
HIN2 (17) reassortant swine influenza viruses have been reported. A
swine-like reassortant HIN2 strain was isolated from a wild duck in
the United States (14), indicating that other avian species may be
susceptible to these viruses.

However, natural infections with swine-like influenza viruses seem
to be uncommon in chickens (16). Campitelli ez a/. (1) showed that
H3N2 isolates from pigs in Italy failed to replicate in experimentally
infected 3-week-old SPF WL chickens inoculated intravenously or
intranasally/intratracheally/orally. In contrast, the current study
shows that a recent North American H3N2 SIV isolate can replicate
in chickens, albeit inefficiently. The genetic and antigenic properties
of European SIV strains differ from those of North American SIV
strains of the same subtype (24), and this could explain differences in
infectivity for chickens.

Susceptibility of chickens to infection with AIV depends on
several factors, including chicken breed and age. A previous study
with an H4N8 LPAIV isolated from layer chickens produced more
severe lesions in commercial and SPF WL chickens than in 5-week-
old commercial broiler chickens (21), suggesting that WL chickens
are more susceptible than broiler chickens to this LPAIV strain. In
the current study, SIV infections were subclinical in intranasally
inoculated WPR and WL chickens, and low HI titers indicated
inefficient virus replication and infection in both breeds. However,
the isolation of NC/04 SIV from WL swab samples but not WPR

swab samples suggests that WL chickens may be more susceptible to
SIV.

AIV has been isolated from or demonstrated in meat obtained
from chickens naturally or experimentally (intranasally) infected
with various HPAIV (2,10,11,15,19), but LPAIV are not usually
found in chicken meat (10,19). In a previous experimental study,
WL chickens fed meat from H5N1 HPAIV-infected WPR chickens
became infected and died, whereas WL chickens fed meat from
H5N2 HPAIV- or H7N2 LPAIV-infected WPR chickens did not
become infected (19). The meat from the H7N2 LPAIV-infected
chickens lacked AIV based on failed attempts to isolate virus in
ECEs. AIV was present in the meat from H5N2 HPAIV-infected
chickens, but at levels too low to produce infection by consumption.
The failure to isolate SIV from the meat and other organs of
chickens infected with NC/04 SIV during the current study indicates
that SIV infections are not systemic in chickens and that the risk of
spreading this virus through trade of poultry products is even lower
than that for LPAIV.

In summary, chickens could be infected with a North American
SIV after simulated natural respiratory exposure, but the virus
replicated inefficiently in this host, primarily in the digestive tract.
The pathogenesis of NC/04 SIV in chickens was similar to that for
LPAILV, but the levels of SIV shedding were much lower and SIV
was less consistent at respiratory replication compared with LPAIV.
Together, the data suggest that the risk of spreading SIV through

trade of chicken meat or related products is extremely low.
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